Purpose: To investigate how macular ganglion cell-inner plexiform layer (GCIPL) and retinal nerve fibre layer (RNFL) thicknesses within the macula change with retinitis pigmentosa (RP) severity. Methods: Spectral domain optical coherence tomography (SD-OCT) was used to examine 177 patients with RP and 177 normal controls. An optical coherence tomography (OCT) line scan was used to grade RP severity. Retinitis pigmentosa (RP) was categorized as more advanced if there was no identifiable inner segment ellipsoid (ISe) band (NISE) and as less advanced if an ISe band could be identified and peripheral loss of ISe was apparent (IISE). Ganglion cellinner plexiform layer (GCIPL) and RNFL thicknesses were manually measured on OCT images and analysed. Pearson's correlation analyses were used to examine correlations between GCIPL thickness, RNFL thickness, visual acuity (VA) and visual field extent in patients and controls. Results: Ganglion cell-inner plexiform layer (GCIPL) was significantly thicker in IISE than in control eyes (p < 0.001), but significantly thinner in NISE than in IISE eyes (p < 0.001) in both horizontal and vertical OCT scans. Retinal nerve fibre layer (RNFL) was significantly thicker in eyes with IISE and NISE than in control eyes in both horizontal and vertical meridians (all p < 0.001). Ganglion cell-inner plexiform layer (GCIPL) thickness showed a weak positive correlation with vision, and RNFL thickness showed a weak negative correlation with vision and visual field extent. Conclusion: Based on these results, the inner retina, including the GCIPL and RNFL, maintains its gross integrity longer than the photoreceptor layer in RP. Additionally, thickening of the inner retina may have some functional implications in patients with RP.
Introduction
Retinitis pigmentosa (RP) is the most commonly inherited degenerative retinal disease. It results in a gradual visual field constriction and vision impairment. Several approaches to treating RP have recently have shown promising effects, including cell therapy, retinal prosthesis implantation and gene replacement therapy (Ahuja & Behrend 2013; Testa et al. 2013 ). Most of these approaches have targeted the outer retina, where the photoreceptors are located. The success of these treatments requires that certain retinal structures remain intact and functioning, including the retinal ganglion cells (RGCs) which are output neurons that project visual information from the inner retina to the brain. Therefore, it is important to assess RGC status and function before attempting RP treatments. It is well known that the photoreceptor layer gradually thins and constricts as RP progresses (Birch et al. 2013) , and previous studies using OCT have shown that photoreceptor layer integrity affects visual functional tests such as visual field and electro-physiologic tests (Fischer et al. 2008; Sugita et al. 2008; Rangaswamy et al. 2010; Yoon & Yu 2013) . However, changes to the inner retinal layers, which include the ganglion cells, remain less clear in patients with RP. Post-mortem morphometric studies have revealed that patients with RP have lower photoreceptor and RGC counts compared to normal controls (Stone et al. 1992; Santos et al. 1997 ). Additionally, recent OCT studies indicate that the GCIPL complex is preserved longer than the outer retinal (photoreceptor) layer (Hood et al. 2009; Vamos et al. 2011) . Macular RNFL changes are also unclear in patients with RP. Some studies have shown RNFL thickening in patients with RP, while others have shown RNFL thinning (Hood et al. 2009; Vamos et al. 2011; Anastasakis et al. 2012) .
The primary purpose of this study was to investigate GCIPL and RNFL changes within the macula in patients with RP evaluated using SD-OCT imaging. The patients with RP were divided according to the presence of identifiable photoreceptor ISe, and we investigated whether preservation of the inner retinal layers is associated with RP severity defined by ISe status. Additionally, the correlations between functional parameters, including VA and visual field extent, and structural changes of the macular inner layers were assessed.
Patients and Methods

Subjects
Patient data were collected from the Hereditary Retinal Disease Clinic at the Seoul National University Hospital. All examinations were conducted between 2008 and 2013. A total of 177 patients with clinically and electrophysiologically confirmed RP were included in this study. Retinitis pigmentosa (RP) diagnosis was based on a history of night blindness, peripheral visual field impairment, rod and cone electroretinogram (ERG) amplitude reductions and characteristic fundus pigmentary changes. The severity of RP was determined using OCT findings (Fig. 1) . The patients were divided into two groups: (1) the identifiable ISe band group (IISE group): less advanced RP with a visible ISe band but having apparent peripheral ISe loss; and (2) the no identifiable ISe band group (NISE group): advanced RP without any identifiable ISe band but still having better vision than light perception alone. Patients with a significant peripheral visual field outside the central 20 degrees were excluded from the NISE group because the OCT scan in this study was confined to macula reflecting only the central visual field. Eyes with macular oedema and/or vitreomacular traction visible on OCT images were excluded from analysis. Initially, 476 patients with RP received SD-OCT. Of these, 53 were excluded due to an OCT signal strength of <6; 64 patients were unable to detect hand movement; the kinetic visual field was absent in 47 patients; the peripheral visual field was present in 56 patients; vitreomacular traction and epiretinal membrane were detected in 143 patients; and CME or intraretinal cyst was observed in 51 patients. Thus, 177 patients with RP were included in the final analysis.
The control groups were composed of healthy patients matched to the IISE and NISE groups by age and gender. Gender was exactly matched, and age was matched within AE3 years. Of the 177 control patients, 90 were matched to the IISE group and 87 to the NISE group. All the patients in the control group had corrected vision better than 20/25 and no known pathology in the studied eye. The right eye was used as the study eye in all cases unless another ocular pathology was present in this eye. In these cases, the left eye was used as the study eye. All study conduct adhered to the tenets of the Declaration of Helsinki (Edinburgh, 2000) , and the study protocol was approved by the Institutional Review Board of the Seoul National University Hospital.
Examinations
All patients underwent a comprehensive ophthalmologic examination, including best-corrected visual acuity measurement, fundus examination and fundus photography. Additionally, SD-OCT scans were obtained in all patients using the Cirrus OCT (Carl Zeiss Meditec, Inc., Dublin, CA, USA). The 5-line raster scan (consisting of 1024 A-scans) and macular cube (512 9 218 scan pattern over a 6 mm 9 6 mm region) protocols were used to obtain OCT images. Only OCT data with a signal strength >6 were included in the analysis.
Optical coherence tomography image analyses
Ganglion cell-inner plexiform layer (GCIPL) thickness was measured using manual segmentation, instead of the built-in ganglion cell analysis (GCA) program of the CIRRUS OCT software (version 6.0), because the GCIPL automatic segmentation algorithm has been shown to be inaccurate in eyes with outer retina abnormalities (Garas al. 2013) . When the photoreceptor layer is not present, the algorithm interprets the RNFL as the GCIPL (Fig. 2) . In this study, the automatic segmentation algorithm produced results that were inaccurate by more than 2 mm in 156 of 177 cases (88.1%). Therefore, we manually segmented the inner retinal layer and measured the mean GCIPL and RNFL thicknesses on horizontal and vertical line scans.
Manual segmentation was performed by two independent observers using PHOTOSHOP CS 2.0 (Adobe, San Jose,
(E) (F) Fig. 2 . Errors in ganglion cell-inner plexiform layer (GCIPL) measurement rendered by the spectral domain optical coherence tomography (SD-OCT) built-in segmentation algorithm. Segmentation errors are shown for two patients (A-C and D-F, respectively). Deviation maps (A and F) generated by the Cirrus OCT Ganglion Cell OU algorithm show comparisons of measured GCIPL thickness to normative data. Red and yellow areas indicate where the GCIPL is thinner than in 1% and 5% of normal eyes, respectively. The purple circle in the deviation map is the area where the Ganglion Cell OU algorithm could not be applied. Examples of GCIPL segmentation along the horizontal (C and D) and vertical (B and E) meridians are shown. The purple and yellow segmentation lines were automatically generated by Ganglion Cell OU segmentation algorithms. In comparison, the orange lines were manually generated and overlaid on the high-resolution scan. The preserved ISe length (distance between orange arrowheads) is longer in the first patient (A-C) than in the second patient (D-F). The segmentation errors (white arrows) were made largely because the embedded OCT algorithm mistook the retinal nerve fibre layer (RNFL) for the GCIPL. Further, the OCT algorithm made segmentation errors mostly where photoreceptor inner segments (ISe) were no longer visible (peripheral from the orange arrowheads) (B, C). As a result, these areas were labelled as abnormally thin in deviation maps (yellow and red areas of A and F). Green lines were made for comparing the location of ISe end-points and the abnormally thinned areas in the deviation maps (A-C). Incorrect segmentation spanned nearly the entire scan of the second patient (D-F), which was reflected in abnormal thinning over nearly the entire area of the deviation map (F).
CA, USA; Fig. 2 ). The Python coding language (Python 2.7, Python Software Foundation) was used to develop customized software to measure the thickness of the segmented OCT layers based on the number of pixels. This software measured the thickness of each allocated point as the distance from the fovea. The fovea was marked manually at the most depressed point during manual segmentation after selecting the scan that included the fovea from among the 5-line raster scans. Therefore, the OCT images were analysed on the basis of fovea location even in the patients having poor fixation. The thickness at each point was averaged to calculate the average thickness of the layer. The measurement was performed separately by two graders (CKY and JYS), and the average result was used for further analysis.
Visual field analysis
Goldmann kinetic perimetry was performed using a III-4 target, and the visual field was quantified as previously described (Jacobson et al. 1989 ). Using spherical co-ordinates, the surface area was computed and the subtended solid angle was calculated. This solid angle was represented as a percentage of the known mean visual field angle of normal controls [expressed in normalized solidangle units (nsu)] (Jacobson et al. 1989) . For the statistical analyses, the VA and visual field units were converted to logarithmic units because these units originally have geometric values rather than the arithmetic scale required to perform correlation analysis.
Statistics
The agreement between the independent observers was calculated using intraclass correlation coefficients (ICC).
Comparisons of mean data between study groups were performed using unpaired (Table 1) .
Ganglion cell-inner plexiform layer thickness changes within the macula
There was good agreement between the two observers regarding the GCIPL thickness evaluations. The mean ICC was between 0.89 and 0.95 in each of the four groups. The average GCIPL thickness along the horizontal meridian was significantly higher in the IISE and NISE RP groups (84.0 AE 10.0 lm and 78.1 AE 11.7 lm, respectively) compared to the respective IISE and NISE control groups (70.9 AE 5.8 lm and 71.2 AE 5.7 lm, respectively; both p < 0.001). The average GCIPL thickness along the vertical meridian was significantly higher in the IISE RP eyes (71.7 AE 9.0 lm) than in IISE control eyes (63.5 AE 5.2 lm; p < 0.001), but these values were similar between the NISE RP group and the NISE control group (64.1 AE 10.0 lm and 64.0 AE 5.1 lm, respectively). Interestingly, the GCIPL thickness was lower in the NISE RP eyes compared to the IISE RP eyes in both the horizontal and vertical meridians (both p < 0.001) (Fig. 3A, B) . The average GCIPL profiles are shown in Fig. 4A , B. For GCIPL thickness along the horizontal meridian, the differences were more apparent on the temporal side than on the nasal side.
Retinal nerve fibre layer thickness changes within the macula High interobserver agreements for RNFL thickness measurements were obtained between the two graders. The mean ICC was between 0.89 and 0.94 in each of the four groups. The average RNFL thickness along the horizontal meridian (24.0 AE 3.3 lm, 28.9 AE 4.7 lm, 23.9 AE 3.2 lm and 34.1 AE 6.6 lm in the IISE control, IISE RP, NISE control and NISE RP groups, respectively) and the vertical meridian (38.8 AE 4.8 lm, 53.1 AE 8.2 lm, 38.9 AE 5.3 lm and 61.0 AE 11.5 lm in the IISE control, IISE RP, NISE control and NISE RP groups, respectively) was significantly higher in the IISE and NISE RP eyes than in the control eyes (all p < 0.001). Additionally, eyes with NISE RP had a significantly thicker RNFL than eyes with IISE RP along the horizontal and vertical meridians (both p < 0.001, Fig. 3C, D) . Average RNFL profiles are shown in Fig. 4C , D. The RNFL thickness in the IISE RP eyes was higher than in the control eyes in all retinal quadrants examined (temporal, nasal, superior and inferior). The RNFL in each of the four quadrants was also thicker in the eyes with NISE RP than in the eyes with IISE RP.
Relationship between the ganglion cellinner plexiform layer, the retinal nerve fibre layer and visual function Both logMAR VA and the log-converted visual field extent were examined in the patients with RP but not in the control groups. GCIPL thickness was negatively correlated with logMAR VA in both the horizontal (R 2 = 0.067, p = 0.012) and vertical (R 2 = 0.065, p = 0.014) meridians, indicating a positive correlation between GCIPL thickness and vision. However, the GCIPL thickness was not associated with visual field extent in either the horizontal (R 2 = 0.010, p = 0.210) or vertical (R 2 = 0.010, p = 0.211) meridians. In addition, a positive correlation was noted between the average RNFL thickness and logMAR VA in both the horizontal (R 2 = 0.098, p < 0.001) and vertical (R 2 = 0.056, p = 0.002) meridians, indicating a negative correlation between RNFL thickness and vision. Moreover, the visual field extent was negatively correlated with average RNFL thickness in both the horizontal (R 2 = 0.057, p = 0.003) and vertical (R 2 = 0.030, p = 0.033) meridians. When we performed a subgroup analysis (IISE and NISE), a significant correlation was observed only in the IISE group (Supplementary Table 1) .
Discussion
This study demonstrates that the GCIPL and RNFL are preserved in both IISE and patients with NISE RP. The GCIPL was significantly thicker in eyes with IISE RP than in healthy and NISE eyes. In addition, eyes with IISE and NISE RP had a thicker macular RNFL than healthy eyes. To the best of our knowledge, this was the first description of GCIPL thickening within the macula in RP. This study included a larger number of RP subjects than previous OCT imaging studies of a similar nature (Aleman et al. , 2008 Hood et al. 2009; Vamos et al. 2011 ).
Post-mortem morphometric studies have revealed that RGCs are relatively preserved compared to outer nuclear cells in eyes with RP. Previous studies have shown a significant reduction in the number of ganglion cells in RP, but this reduction has been reported to be less profound than outer nuclear cell loss (Stone et al. 1992; Santos et al. 1997; Humayun et al. 1999) . Studies in animal models of RP also support inner retinal preservation. Findings from a study using an RP mouse model showed that RGCs were resistant to degeneration and that they retained their fine structures well after photoreceptor death (Lin & Peng 2013) . Another study revealed inner nuclear layer and inner plexiform layer (IPL) thickening in a mouse model of Leber's congenital amaurosis (LCA) .
Although pathologic studies of patients with RP are relatively lacking due to the rarity of RP, OCT images can provide detailed sectional images of the retina in situ. Several previous studies using OCT have shown that a generalized macular thickening develops in patients with RP. Aleman et al. (2007 Aleman et al. ( , 2008 have reported inner retinal thickening along with outer nuclear layer loss in eyes with RP caused by Rho (Rhodopsin) and RPGR (Retinitis pigmentosa GTPase regulator) mutations. Early-stage retinal thickening has also been reported in eyes with choroideremia (Jacobson et al. 2006) . However, these studies did not measure GCIPL thickness.
Several human studies have suggested inner retinal thickening in patients with RP. One study reported that thickening of the inner retinal layers, including the RNFL and the GCIPL, was detected on OCT images obtained from patients with LCA ). Unfortunately, that study was unable to identify which layer or layers had thickened because time-domain OCT was used. However, the authors did show IPL thickening and M€ uller glial cell hypertrophy in a mouse model of LCA. The authors suggested that M€ uller glial cell activation in neuronal injury may be responsible for IPL thickening, and this suggestion has been supported by other researchers (Rattner & Nathans 2005) . Inner retinal thickening has also been reported in patients with less advanced RP, like those in our IISE group, but this was shown in a study that lacked a detailed evaluation of the retinal layer (Wolsley et al. 2009 ). Moreover, inner retinal layer thickening, especially of the inner nuclear layer, has been observed in regions with outer nuclear layer thinning in patients with RP having certain Rho mutations (Aleman et al. 2008 ).
Detailed retinal layer segmentation analyses using OCT images have yielded controversial results regarding GCIPL thickness in patients with RP. Hood et al. (2009) reported that the average GCIPL thickness values were similar in normal eyes and RP eyes. In the same study, the reported GCIPL thickness on the temporal side was slightly greater in RP eyes than in the control eyes, but the overall thickness was not significantly different, similar to our results in NISE RP. Furthermore, Vamos et al. (2011) reported that GCIPL thickness was slightly greater when RP was less severe and a foveal multifocal ERG signal was present, but this difference was not statistically significant.
The pathogenesis of GCIPL thickening in eyes with RP is not clear, but this thickening may be caused by neural remodelling as the retina degenerates (Marc et al. 2003; Fisher et al. 2005) . It is known that vigorous retinal remodelling occurs after photoreceptor loss. Novel synapse formation, microneuroma formation, M€ uller cell hypertrophy, and amacrine and bipolar cell inversion have been observed during remodelling phases 2 and 3 (Marc et al. 2003) . All of these phenomena Fig. 3 . Box plots of average ganglion cell-inner plexiform layer (GCIPL) and retinal nerve fibre layer (RNFL) thickness in the IISE control, IISE, NISE control, and NISE along the horizontal (A, C) and vertical (B, D) meridians. The upper and lower margins of the box indicate the third and first quartiles, respectively, and the bold line (in the box) indicates the median. The upper horizontal bar indicates the value of third quartile plus 1.5 times the interquartile range [IQR] , and the lower horizontal bar indicates the value of the first quartile minus 1.5 times the IQR. The open circles indicate data outliers. Asterisks (**) indicate a statistically significant difference between groups. The GCIPL thickness in IISE eyes was larger in IISE control along both the horizontal or vertical meridians. However, the GCIPL thickness in NISE eyes was larger only along the horizontal meridian. The GCIPL was thinner in NISE than in IISE eyes. RNFL thickness was larger in the IISE and NISE groups compared to their respective control groups. The RNFL thickness was larger in NISE than in IISE eyes. GCIPL and RNFL thickness values were not significantly different between the two control groups. Note that NISE patients have more advanced retinitis pigmentosa compared to IISE patients. may contribute to GCIPL hypertrophy. The patients with IISE RP in the current study might have had vigorous remodelling before GCIPL thickening. It was difficult to separate the IPL from the GCIPL on the high-resolution SD-OCT images used in the current study. Therefore, our data on GCIPL thickening might have been influenced by IPL thickening caused by neural and/ or glial remodelling. In addition to retinal remodelling, macular oedema is likely to affect GCIPL thickness measurements. Although we excluded eyes with CME and definite cystoid spaces, subclinical noncystoid macular oedema may have contributed to GCIPL thickening. Fluorescein angiography can reveal subtle macula oedema and/or blood-retina barrier abnormalities, and previous studies have suggested that angiographic grading is correlated with OCT findings of CME in eyes with RP (Hirakawa et al. 1999; Chung et al. 2006) . Further study is needed to elucidate the pathogenesis of GCIPL thickening in eyes with RP.
Interestingly, we found that GCIPL thickness in the NISE RP group was less than that in the IISE RP group and nearly the same as in the normal control group. Looking at the normative data from our SD-OCT machine, Fig. 4 . Horizontal and vertical ganglion cell-inner plexiform layer (GCIPL) and retinal nerve fibre layer (RNFL) thickness profiles. Mean data (dark blue line, red line and dark green line) and AE1 SE (standard error) (light blue line, orange line and light green line) are shown. The GCIPL thickness is shown in the horizontal (A) and vertical (B) meridians. Profiles from NISE control patients are shown for comparison. IISE controls are not shown because they are similar to NISE controls, and the GCIPL thickness in IISE patients was much larger than that in NISE patients. In eyes with IISE RP, the GCIPL thickness was larger than that in the controls in all regions. In NISE RP eyes, the temporal GCIPL was significantly thicker than in controls, but the nasal GCIPL was only slightly thicker. In the NISE group, the GCIPL thickness along the vertical meridian was similar to that of the NISE controls. The RNFL thickness profiles along the horizontal (C) and vertical (D) meridians are shown. The RNFL thickness of IISE and NISE eyes was greater than that in the controls in all regions, and RNFL thickness was greater in IISE than NISE eyes in all regions. NISE controls are not shown because they are similar to IISE controls, and the RNFL thickness in the NISE group was much larger than that in the IISE group. Note that NISE patients have more advanced retinitis pigmentosa than the IISE patients. macular GCIPL thickness decreased as age increased. Because the average age of the NISE group was approximately 5 years older than the average age of the IISE group, we created an agematched normal control group to compare with the NISE group. Nonetheless horizontal GCIPL and RNFL thickness values were found to be greater in the NISE eyes than in the control eyes. As this was a cross-sectional study, inferences about GCIPL and RNFL thickness changes must be drawn cautiously. GCIPL thickness might increase at certain early stages of RP and decrease thereafter. We postulate that the GCIPL thickness reduction occurred because of neuronal atrophy that begins during neural remodelling. Post-mortem investigations have shown that all types of retinal neurons decrease in advanced RP. Moreover, if GCIPL thickening results from oedema, inner retinal thinning would be expected to occur with oedema resolution. However, in patients with RP advanced beyond that of the NISE patients, it was impossible to segment the neural retina using OCT scans (data not shown). This may be due to the normal laminar organization of the neural retina being severely disrupted and the layers becoming intermingled in patients with advanced RP . Therefore, further observation of the GCIPL in eyes with more advanced RP is not possible with OCT.
We found that macular RNFL thickness was also greater in eyes with RP compared to normal controls. Unlike the GCIPL, the RNFL became thicker as RP advanced. This is in agreement with previous studies examining RNFL thickness (Hood et al. 2009; Vamos et al. 2011) , but results in the literature are not consistent. Several groups have reported a relative thickening of the peripapillary RNFL (Hood et al. 2009; Hwang et al. 2012) , while others have reported both thinning and thickening of the peripapillary RNFL (Walia et al. 2007; Walia & Fishman 2008; Oishi et al. 2009; Anastasakis et al. 2012) . Glial tissue proliferation on the retinal surface has been suggested to cause this RNFL thickening. Because we excluded patients who had an epiretinal membrane, this explanation does not apply to our observations (Walia & Fishman 2008; Vamos et al. 2011 ). However, there may be substantial glial proliferation not obviously detected by OCT (Oishi et al. 2009; Vamos et al. 2011) . Furthermore, glial cell proliferation within the RNFL or neuronal remodelling and migration into the RNFL has been shown to contribute to RNFL thickening (Hood et al. 2009 ). Determining the actual mechanism of RNFL thickening in eyes with RP is beyond the scope of this study, and further research is needed.
Both GCIPL and RNFL thickness profiles were examined to determine if these measurements differ by retinal location and RP severity (Fig. 4) . We only observed topographical differences in the GCIPL in the eyes of NISE patients. The temporal GCIPL maintained its thickness longer than the nasal, inferior and superior retina (Fig. 4) . This relative GCIPL thickening pattern has been reported previously, and it has been proposed that the GCIPL mechanically expands to fill the empty space left by the degenerative photoreceptor layer (Hood et al. 2009 ). However, both GCIPL and RNFL thickness increased in IISE patients in the present study, and the photoreceptor layer appeared to be relatively intact. Therefore, mechanical stretch cannot explain our results. However, it may be that neural remodelling or cone (or other neuronal) density changes caused by RP display regional differences, resulting in varying thickness changes across the retina.
We generated a scatter plot comparing retinal thickness and visual function to evaluate the trend of RNFL and GCIPL changes according to visual function deterioration. In the analysis of the entire RP group, GCIPL thickness was correlated with VA but not with visual field. The GCIPL was thicker in patients whose VA was relatively good. RNFL thickness was negatively correlated with VA and visual field. These results are concordant with the GCIPL and RNFL thickness differences between subgroups. Horizontal GCIPL was thicker in the IISE eyes, and horizontal and vertical RNFL thickness values were greater in the NISE eyes.
NISE and IISE categorization were based on an analysis of the ISe zone shown in OCT. Visual acuity (VA) and visual field were worse in NISE eyes (Table 1) . In ERG data, undetectable 'rod response' and 'maximal combined response' cases were more abundant in NISE eyes. These examination results support the accuracy of the OCT-based grading system. These relationships were statistically significant even though the correlation coefficients were small. This might explain why only a few correlations were found in the subgroup analysis (Supplemental Table 1 ).
Retinitis pigmentosa (RP) is an inherited disorder in which the progression and pattern are largely influenced by causal genetic variants. One limitation of this study was the lack of genotyping in the total study population. A difference in genotypes between our study groups might be a confounding factor. It is known that X-linked RP, that is, presence of RP2 and RPGR mutations, is associated with more aggressive disease progression. Further studies including genotyping of the entire study population and long-term follow-up are required to elucidate how genetics might influence the morphologic changes associated with RP.
In conclusion, the current study shows that the GCIPL and RNFL were preserved in RP, according to SD-OCT results in a large patient cohort. The GCIPL was thicker in eyes with IISE RP (less advanced), but decreased to near-normal values in NISE RP (advanced), which indicates that the ganglion cell layer maintains its volume in advanced patients who have less than 5/200 vision or less than a 5-degree visual field. Therefore, we anticipate that implanted cells and microchip devices have the potential to provide better vision to advanced RP patients who show loss of the photoreceptor layer.
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